Abstract
Introduction
In the field of computational aeroacoustics, numerical schemes are expected to propagate waves accurately for long distances over long periods of time.
In order to accomplish this goal, a certain number of spatial points are required per wavelength to model each wave, and a certain time step is required in order to model the wave's movement in time.
It is desirable from a computational standpoint to reduce the number of points required per wavelength and increase the size of the allowable time step.
One popular and well-tested method uses a modification of the MacCormack scheme l, which is second order accurate in time and fourth order accurate in space. This extension of the MacCormack scheme is known as the 2-4 scheme, and was described by Gottlieb 19 This scheme has been successfully applied to the real-world problem of supersonic jet noise prediction. 2°In this paper, the performance of this scheme will be evaluated using the benchmark problems of the fh'st and second CAA workshops.
The results are used to quantify the performance of the various schemes.
Numerical Formulation
In this work, four previously existing MacCormack-type schemes will be used: the classical MacCormack scheme, the 2-4 scheme of Gottlieb and Turkel, the 2-6 scheme of Bayliss, et. al., and the 4-4 scheme described by Viswanathan and Sankar.
In addition to these schemes, the high-accuracy MacCormack-type scheme of Hixon will be used. 
where the values of the coefficients are given in 
Backward: 
At the computational boundaries, flux quantifies outside the boundaries are needed to compute the spatial derivatives; these fluxes are determined using third-order extrapolation from the interior nodes.
Benchmark Problems
These schemes are compared using linear benchmark problems from the ftrst 23 and second CAA Workshops.
1) One Dimensional Problems
Problem 1 of the first workshop requests the solution at t = 400 of:
where u,0, ox0i n,+:; 1
,Sx = 1.0 
For Problem 1, S is a simple harmonic source at r = 4, 0 = 0, given by:
The problem requests rp 2 in the limit as r -> oo in the arc 180 > 0 > 90.
In Problem 2, S is an initial disturbance at time t = 0, given by:
For this problem, the pressure time history from 6 < t < 10 at three points is requested.
These points are at 0 = 90°(point A), 0 = 135°(point B), and 0 = 180°(point C) at a radial distance of 5 from the origin.
Boundary

Conditions for Two-Dimensional Problems
There are three boundary conditions which are used.
Thompson solid wall boundary condition is used, and the equations become:
,.., fit1I°t
At the cylinder surface (r = 0.5), the
In this computation, three ghost points are used inside the surface for the radial derivative; their values are set as:
In the far field (r = Rmax), the acoustic radiation condition is used:
,tvt
For the radial derivative at the outer boundary, three ghost points are used. The values of the variables at these ghost points are determined using third-order extrapolation from the interior values.
At the symmetryplanes(0 = 0 and 0 = _), a symmetryconditionis used.
aroundi --1:
where i is the index in the azimuthal direction.
Computational Grid for Two-Dimensional Problems
For Problem 1, a 801 (radial) x 501 (azimuthal) grid was used, covering a domain of 0.5 < r < 20.5 in the radial direction, and 0 < 0 < r_. Since the wavelength of the disturbance is 0.25, this grid results in 7-10 points per wavelength.
The exact results were given at the r = 15 line, giving a maximum of 76 wavelengths of travel at 0 = r_.
For Problem 2, a 201 (radial) x 301 (azimuthal) grid was used, covering a domain of 0.5 < r < 10.5 in the radial direction, and 0 < 0 < ft. Since the transient problem only requires data from 6 < t < 10, the outer radial boundary only has to be far enough away such that no reflections can reach any of the three data points during this time period.
Results
1) One Dimensional Results
The As given, the problem has two parts: the In'st has 8 points per wavelength, and the second has six points per wavelength.
To give the 2-4 scheme some chance of obtaining reasonable results, a third part was added which has 12 points per wavelength. 
